Objective: To analyze the clinical significance of postoperative back muscle exercises after percutaneous vertebroplasty for spinal osteoporotic compression fracture patients. Design: Clinical randomized controlled trials of parallel group nonpharmacologic study. Setting: Patients practised back muscle exercises in the spinal surgery department, rehabilitation department and at their residences. Subjects: Osteoporotic compression fracture patients who had undergone percutaneous vertebroplasty and processed sufficient muscle strength to participate in the training were studied. Interventions: Patients were randomized into two groups, which were titled A and B. General postoperation therapy, including antiosteoporotic medications and education, was offered to all patients. Group B patients received additional systematic back muscle exercise. Main measures: Both Oswestry Disability Index (ODI) and visual analogue scale (VAS) were recorded preoperatively and postoperatively at three-day, one-month, six-month, one-year and two-year follow-up. Results: From January 2006 to January 2009, a total of 82 patients were assessed for eligibility, 60 patients were enrolled and randomized into two groups. Forty-two (70%) patients (20 of 30 in Group A and 22 of 30 in Group B) were successfully followed-up for two years. Systematic back muscle exercises resulted in a significant advantage in both measurements. The ODI of Group B was significantly better than Group A at the six-month, one-year and two-year follow-ups (P < 0.05). The pain level of Group B was significantly lower than in Group A at the one-and two-year follow-ups (P < 0.05). At the end of our study, the mean (SD) of the ODI in Groups A and B were 39.1 (9.14) and 23.4 (5.62); the mean (SD) of the VAS in Groups A and B were 3.4 (1.15) and 2.1 (0.84), respectively. Conclusions: Our findings suggest that the benefit of the exercises required at least six months to be observed; however, the favourable effects could last for two years. Therefore, systematic back muscle exercise should be recommended as one of the treatment guidelines for postpercutaneous vertebroplasty patients.
Introduction
Osteoporosis is a common health problem threatening postmenopausal women, which decreases bone density and significantly increases the risk of vertebral compression fractures. 1 Patients will seek medical attention when the fracture produces back pain and severe malposition; however, some of these patients will not respond well to conservative treatment, such as bracing, analgesic medications or rehabilitation exercises. 2 Percutaneous vertebroplasty is a minimal invasive spine surgery technique invented to give appropriate treatment to intractable back pain caused by osteoporotic spine fractures. Through the percutaneous transpedicular approach, polymethlymethacrylate (PMMA) cement could be introduced into the vertebral body and reinforce its biomechanical strength. This technique has been widely used to treat vertebral body compression fractures for the purpose of strengthening spinal stability, restoring vertebral height, preventing collapse of vertebral body and achieving remarkable pain relief which is reported in up to 93% of patients. [3] [4] [5] [6] [7] [8] [9] However, symptom recurrence or even refracture cases could occasionally be seen in clinical follow-ups. Medium-and longterm effects still remain uncertainty. [10] [11] [12] Exercise has already been highlighted as necessary in a guideline on the management of osteoporosis. 13 It improves quality of life, particularly in the domains of physical function and pain. Several studies have demonstrated that physical exercise programmes maintain or increase spine and hip bone mineral density as well as decrease the frequency of falls. 14 The increased bone density is vital to long-term clinical outcomes for osteoporotic patients. Nevertheless, the considerable curative effect of back muscle exercises on low back pain has been established. 15 Shirado 16 and Descarreaux 17 reported that home-based exercise improves patients' lumbago symptoms. A prospective study by Sinaki 18 observed a reduced incidence of vertebral compression fractures in healthy, postmenopausal women who participated in a back extensor strengthening programme before the onset of osteoporosis. These benefits are mainly harvested from the bone formation friendly mechanical stimulation produced by strengthening force, and the force prevents or corrects deformity of the vertebral body by extension of the anterior longitudinal ligament. Therefore, for the purpose of maintaining symptom improvement, it is reasonable to consider back muscle exercise as one of the postoperative treatment options for patients after percutaneous vertebroplasty. However, few studies specifically address these issues, and little was known about the effects of back muscle exercise on level of back pain and daily activity in osteoporotic patients postoperation.
The aims of this study were to assess the clinical benefit of back muscle exercise in alleviating pain and improving the daily life of percutaneous vertebroplasty patients using a prospective single centre randomized comparison trial.
Patients and methods
This research was designed as a clinical randomized controlled trial in a single centre. The participants, investigators and outcome assessors were unaware of the group assignments. Enrolment commenced in January 2006 and concluded in January 2009. The follow-up period ended January 2011. The inclusion criteria was determined to be one to three levels painful osteoporotic vertebral compression fracture patients who received percutaneous vertebroplasty in our institution. The exclusion criterias were:
. evidence or suspicion of neoplasm in the target vertebral body; . inability of communication or muscle training; . lack of access to a telephone.
Before enrolment, patients were asked whether they were willing to take part in scientific research and the approval documents were signed. The design and performance of this study conformed to ethical standards of the Helsinki Declaration and our national legislation. It was approved by our institution's Medical Ethics Committee.
Percutaneous vertebroplasty was given to our patients under appropriate indications and selection. The baseline data were recorded, including age, gender, weight, height and medical history. The preoperation preparation was kept the same among these patients. The procedure was performed under intravenous conscious sedation and local anaesthesia in most patients. All vertebroplasty practitioners were adequately experienced. Postoperation, patients were marked by calculator-generated random numbers; odd number patients were classified into Group A, and even number patients into Group B. The group classification was kept blind to all participants.
The next day, all patients were allowed to stand-up when their back pain had been reduced significantly. The bed leaving process was observed and assisted. Position of bend forward of the spine was not allowed during standing up. When the body weight could be carried by them without discomfort, walking with ambulate-aid equipment assistance was permitted. The equipment was usually employed for three to five days.
The same content of antiosteoporosis drugs and education was offered to both groups, including instructions for daily diet and activities. Suitable exercises, such as straight leg raising, Tai Chi and walking were recommended to all patients; these suggestions were not, however, compulsory. Patients were allowed to decide their own schedule for the exercises and quantity.
In addition to antiosteoporosis education, Group B patients received systematic back muscle exercise which was the only difference between the two groups. It consisted of three essential components: Five points support, three points support and one point support training (swallow exercise).
Occipital, bilateral elbows and ankles were considered as fulcrums of body weight in five points support training, which started at three to five days postoperation when patients' walking ability was regained. During training of five points exercise, the supine position was adopted and the lumbar spine had to be raised as high as possible with slow movement and maintained for at least 30 seconds. 19 It was initialled at a frequency of 10 repetitions per group, and three groups a day (morning, noon and night), which could be promoted into 15 repetitions per group one week later.
If the exercise was carried out without difficult, three points support training was taught in the rehabilitation department, in which the body weight was supported by occipital and bilateral ankles. The frequency and key points were the same with five points training, however, three points support training would not be performed by those with poor muscle strength or over-weight patients.
One point support training (swallow exercise) was taught at follow-up visits when three points support training could be carried out without difficult. During exercise, the upper abdomen was considered as the fulcrum of body weight and the head and limbs were lifted up as high as possible with prone position. The frequency was the same with five points training.
Patients were all informed that the systematic back muscle exercise had to be maintained throughout their lifetime. They were encouraged to try their best during exercise. Training postures were checked at follow-up. The clinical significance and compulsive characteristic of the exercises were informed at every follow-up clinic.
Group A patients were permitted to leave the hospital when their symptoms disappeared and independence of daily activity was regained. Group B patients stayed in our spine surgery department for, on average, a week and were then transferred to the rehabilitation department for further education of muscle training. They were permitted to leave the hospital when the following standards were met:
. their symptoms disappeared with good selfdependence of daily living; . the second or the first level of systematic back muscle exercise could be accomplished with good quality; . they totally understood the entire processes and compulsive characteristic of systematic back muscle exercise; . they understood the clinic follow-up schedule.
Patients would be withdrawn from the study if they developed an illness which significantly influenced their life, such as refracture, malignant tumour or heart disease.
Two outcome measurements were employed. The primary measure was the Oswestry Disability Index (ODI). A questionnaire had to be fulfilled to calculate the index. This questionnaire consisted of 10 questions concerning pain level, travelling, weight lifting, walking, sitting, standing, sleeping, sexual life, social life, and self-dependence of daily living. The scores ranged from 0 to 45 (the maximum possible score). The index was calculated by individual score/45*100%, with a lower percentage indicating a better quality of life. 20 The secondary measurement was the visual analogue scale (VAS), which measured the pain on a scale of 0 to 10, with 0 indicating no pain at all and 10 indicating the maximum imaginable pain (1 served as minimal clinical difference). Patients' ratings of average intensity of back pain during the preceding 24 hours were recorded. Outcomes were collected preoperatively and three days, one month, six months, one year and two years postoperatively. The refracture rate was calculated by refracture cases/30*100% at the end of follow-ups. The observer differed from the group classification manufacturer and so the grouping information was blinded.
Data were analyzed by SPSS (Chicago, IL) and presented as mean (SD). The Q-Q plot (a normality test) for an approximation to normal distribution was utilized. The one-way ANOVA (LSD-t) was generally applied for normally distributed data sets of ODI and VAS of different time points between the two groups. Repeated measures data was analyzed by Wilks', Pillai's, Hotelling-Lawley and Roy's tests. P < 0.05 (two-tailed) was considered significant and confidence interval was 95%.
Results
From January 2006 to January 2009, a total of 82 cases were collected, and 60 patients were selected and underwent randomization (Figure 1 ). Within these patients, preoperative preparation, surgical procedure, postoperative care and antiosteoporosis education were all kept the same between control (A) and trial (B) groups. The only intervention difference between them was systematic back muscle exercise which was assigned to Group B patients. Each group had 30 patients. No significant differences in age, gender and body mass index were observed among groups (Table 1) . Overall average hospital admission was 1.5 weeks. Follow-up evaluation data of two years or longer were available for 42 patients, including 20 in Group A, 22 in Group B, which consisted of five men and 37 women with a mean age of 68.5 years. All of these patients followed our instruction. Twelve cases were lost during follow-up. Three patients refused further interview, two changed their residence, and seven were lost for unknown reasons. Another six refracture cases were excluded, there were four (13.4 %) in Group A and two (6.7 %) in Group B. Two patients stayed in five points training, 14 stayed in three points training, and six reached one point training after two years of follow-up. We were technically successful in all treated vertebrae. There was no surgery-related neurological injures, no operation-related complications or secondary operation. All patients were satisfied with percutaneous vertebroplasty.
Postoperation ODI of both Groups A and B at different time points were lower than at preoperation. There were significant differences between Groups A and B at six-month, oneyear and two-year follow-ups (P < 0.05). Overall ODI of Group B was significantly lower than Group A (P < 0. 05) ( Table 2 and Figure 2) . Postoperation VAS of both Groups A and B at different time points were lower than at preoperation. There were no significant differences between Groups A and B except at one-and two-year postoperation (P < 0.05). The VAS of Group A was significantly higher than Group B (P < 0. 05) ( Table 3 and Figure 3 ).
Discussion
Our research proposed a reliable plan of back muscle exercise postpercutaneous vertebroplasty, which was set up as a three-level programme.
Patients could improve their back muscle strength Figure 2 . Oswestry Disability Index (ODI) data. There were significant differences between Groups A and B at six-month, one-year and two-year follow-ups (P < 0. 05). step by step. The first significant difference was discovered six months postoperatively using the ODI. From then on, clinical outcomes between the two groups were observed to be gradually enlarged. There were significant differences of both VAS and ODI at one and two year followups. These findings suggested that short-term clinical outcome could be maintained by general antiosteoporosis therapy, whereas long-term results remained unsatisfactory and further intervention was necessary. By adopting systematic back muscle exercise, Group B patients enjoyed a more favourable daily life and tended to have fewer problems in sitting, walking and back pain. Although it was time consuming, systematic back muscle exercise should be recognized as an indispensable and important therapy for percutaneous vertebroplasty patients. Clinical participants should pay more attention to this rehabilitation programme.
The major limitation of this study was the individual difference of back muscle strength of our patients. By the time of the last follow-up, patients were still involved in different levels of back muscle exercise, two of them stayed in five point training for two years by limitation of their heavy weight. However, all of our patients were encouraged to try their best during exercise and decrease of frequency was not allowed. We believed the individual difference cannot be avoided in clinical trials and we had already controlled it into an acceptable level. This study should be a multicentre set-up and a larger population should be involved.
Two recent randomized controlled trials evaluated the efficacy of PMMA infusion for patients Figure 3 . Visual analogue scale (VAS) data. There were significant differences between Groups A and B at one-and two-year follow-ups (P < 0. 05). with painful osteoporotic compression fractures compared with a simulated procedure without PMMA. 21, 22 In these studies, the pain improved modestly in both groups over time, but there were no significant differences between the groups even after six months of follow-up. It was concluded that percutaneous vertebroplasty offered no benefit to osteoporotic vertebral fracture patients. In our research, back muscle exercise meliorated symptoms and consolidates improvement up to two years, the favourable mid-and long-term clinical effect to osteoporotic vertebral fracture patients was confirmed. Therefore, this rehabilitation therapy, but not the percutaneous injection, is recommended for everyone after an osteoporotic vertebral fracture.
The mechanism of clinical benefit of systematic back muscle exercise laid in the orderly muscle contractions which stimulate bone formation and inhibit bone absorption by mechanical stresses. At the same time, the anterior longitudinal ligaments were also stretched and prevent further deformity or even restored the original vertebral shape. In addition, the back muscle exercise could improve local circulation, reduce accumulation of inflammatory substances, increase lumber muscle strength, and decrease the risk of falling accidents. 18 It also helped to balance the distribution of spinal stress and restored the functions of facets. However, training was not recommended for unhealed osteoporotic fracture patients who did not receive percutaneous vertebroplasty. In this situation, no patient could stand the enormous pain produced by the exercise.
Based on the rationale that daily exercise could be beneficial to osteoporosis, antiosteoporosis education including the recommendation of exercise serves as a part of the discharge plan in most health institutions worldwide. Although education was carried out as a routine, reoccurrence of back pain was not unusual for patients who received percutaneous vertebroplasty after follow-up for more than six months. [10] [11] [12] In order to simulate the practical circumstance, discharging education programmes were also administrated to all patients, leaving the differentiate factor between the two groups being systematic back muscle exercise alone. By this study design, the osteoporosis education should not be considered as a confounding factor. On the contrary, if patients in Group A received no exercises at all, osteoporosis would progress by acceleration of bone mineral lost which produced microfracture and increased the level of back pain, leaving the differentiate factor between the two groups confounded. As a consequence, the clinical benefit of systematic back muscle exercise would be exaggerated. Hence, no exercise should be avoided.
Systematic back muscle exercise was started at three to five days postoperation, when the pain level had been remarkably decreased by the percutaneous vertebroplasty procedure and walking ability had been regained. When the stand-up position was adopted, the fracture level was reloaded with body weight. The posture put more stress on the fracture vertebra than staying in bed, whereas, the biomechanical property of the reenforced vertebra was sufficient to undertake the pressure. 23 In our study, the systematic back muscle exercise was carried out adopting the supine position, when the pressure of the body weight was removed and the extension of the spine further decreased the loading of the injured vertebra. Therefore, the exercise intervention presented in this study was safe to perform a short time postoperation.
Systematic back muscle exercise was essentially a strengthening programme which focused on increasing the power of the back muscles. Nelson 24 showed that postmenopausal women who trained with high resistance for one year improved their muscular strength by 35-76%. The enhanced strength would be benefit the upright posture and aid balance while walking. Thereby, risk of falling was decreased and quality of daily life was improved. 18 This expected advantage was confirmed by the investigation of ODI which consisted of 10 daily life questions and indicated a satisfied life two years postoperation.
Back muscle exercise was a simple and economical training method, its favourable effect on lumber diseases and its antiosteoporosis performance had been established. 12, 14 Unfortunately, none of these stories described with postpercutaneous vertebroplasty patients, and most of them involved a small number of patients. Only a few studies assessed the clinical outcome using standardized functional status or quality of life questionnaires. Few randomized controlled trials have been published about this therapy. To our knowledge, it is the first prospective single centre randomized comparison study to specify whether back muscle exercise could consolidate the pain relieving effect of percutaneous vertebroplasty in osteoporotic vertebral fractures.
Clinical messages
. This study showed that systematic back muscle exercises do not have any immediate effect. . After two years, the group who received back muscle exercises postoperation tended to have fewer problems in daily life. 
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